The objective of the present study was to analyze the seasonality of parasitic helminths of Leporinus macrocephalus from fish farms in the municipality of Cruzeiro do Sul, Acre, Brazil, and their parasitism rates. Between June 2014 and March 2015, 200 specimens were sampled from two fish farms: one with a semi-intensive system and the other with an extensive system (100 fish from each farm: 50 during the dry season and 50 during the rainy season). Fifteen species of parasites were found, with seasonal variations of some according to the farming system. In the semi-intensive fish farm, there was greater prevalence of infection during the dry season. Also, Urocleidoides paradoxus, Procamallanus (Spirocamallanus) inopinatus, Goezia leporini and Rhabdochona (Rhabdochona) acuminata presented differences in their parasitism rates between the seasons. In the extensive fish farm, no variation in the prevalence of infection was observed between the seasons and two species Tereancistrum parvus and G. leporini demonstrated differences only regarding the mean intensity of infection. The data presented here may help fish farmers to understand the parasite dynamics of L. macrocephalus in farming systems during the dry and rainy seasons in the state of Acre.
Introduction
Although fishery resources are abundant in the Amazon region, depletion of natural stocks of some species of fish, together with availability of water resources and increased demand for fish, has led to development of fish farming in this region. However, this rapid expansion has provided opportunities for increased levels of parasitic infections in farming systems. High stocks of fish, along with inadequate water management and deficient nutritional status of fish, have given rise to occurrences of parasitic diseases (SCHALCH & MORAES, 2005 ; ZANOLO & YAMAMURA, 2006; PAVANELLI et al., 2013; ZAGO et al., 2014) , culminating in significant production losses.
The Amazon region presents clear seasonality: a rainy season that usually occurs between November and April, and a dry season from May to October (FIGUEROA & NOBRE, 1990) . At this latitude, there is little variation in temperature and intensity of sunlight (SILVA et al., 2008) . The mean temperature is above 30 °C, which is a factor that can cause stress among fish, thus favoring multiplication of parasites (MARINHO et al., 2013) . Abiotic variations, such as high temperatures and low levels of oxygen can influence the abundance of some species of parasites or the abundance of intermediate hosts (TAVARES-DIAS et al., 2001; SCHALCH & MORAES, 2005; MARINHO et al., 2013; ZAGO et al., 2014; JERÔNIMO et al., 2016) .
Investigations in the Amazon region have only addressed seasonal variations of parasite communities in rivers and lakes (VITAL et al., 2011; VASCONCELOS & TAVARES-DIAS, 2014) . Little is known about the influence of seasonality on occurrences of parasites and rates of parasitism in fish farms. This is particularly true regarding species that were introduced to farms in this region, such as Leporinus macrocephalus Garavello and Britisky 1988 (Anostomidae) , commonly known as piavuçu.
Among the species of fish that are farmed in this region, L. macrocephalus has gained prominence through its high production capacity, with harvesting in approximately six months. However, various diseases and parasite infestations can affect the production of this fish, including species of Monogenoidea and Nematoda (TAVARES-DIAS et al., 1999; MARTINS & YOSHITOSHI, 2003; SCHALCH & MORAES, 2005) .
Parasites are abundant in tropical regions and their presence is one of the main causes of death among fish (AGUINAGA et al., 2015) . Thus, understanding the agents that cause parasitic diseases and the complex relationship between environmental factors and hosts and their parasites is important. With such knowledge, interventions in the system using adequate prevention techniques to create control programs for these diseases become possible. Within this context, the objective of the present study was to analyze the seasonality of helminths that parasitize L. macrocephalus in fish farms in the municipality of Cruzeiro do Sul, Acre, Brazil, and their parasitism rates.
Materials and Methods

Sampling and fish farms
Between June 2014 and March 2015, 200 specimens of L. macrocephalus were collected from two fish farms. One of these fish farms used a semi-intensive system, while the other used an extensive farming system. One hundred fish were sampled from each of these farms: 50 specimens during the dry season and 50 during the rainy season.
The fish were collected from a single reservoir in each farming system and each fish corresponded to one experimental unit. These fish farms are located in the municipality of Cruzeiro do Sul, State of Acre, Brazil (07° 37' 52"S and 72° 40' 12"W) (Figure 1 ). The characteristics of the fish farms assessed is presented in Table 1 . This study was authorized by the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA, license nº. 396871-1/2013).
Water quality
Water quality was measured during sample collection, always at the same time. Dissolved oxygen (O 2 D), hydrogen potential (pH), water temperature (T°C) and electric conductivity (EC) were measured at the edge of the breeding area, using the HANNA  multiparameter device (Hanna Instruments, USA).
Collection, processing and identification of parasites
The fish were kept in thermal boxes and transported to the "Laboratório de Processamento de Pescado" of the Federal Institute of Acre, Campus Cruzeiro do Sul, mensured the weight (g) and lenght (cm). For collection of Monogenoidea, the gills were removed and placed in bowls containing water at 65 °C and shaken; then, alcohol was added to reach a concentration of 70%. In the laboratory, the parasites were collected with the aid of a stereoscopic microscopic and stored in the same fixative. The Digenea were cold fixed in AFA (2% glacial acetic acid, 3% formaldehyde, and 95% of 70 o alcohol), under light cover glass pressure. Nematoda were rinsed in 0.7% NaCl solution and fixed in hot AFA. The material was taken to the "Laboratório de Helmintos Parasitos de Peixes" (LHPP), at the Oswaldo Cruz Institute in Rio de Janeiro and the helminths were processed for light microscope studies.
Some specimens of Monogenoidea were mounted unstained in Hoyer's medium for study of the sclerotized parts and others were stained with Gomori's trichrome and mounted in Canada balsam. The Digenea were stained with Langeron alcoholic acid carmine, dehydrated by means of alcohol series, cleared using beechwood creosote and mounted in Canada balsam as permanent slides. Nematoda were clarified and mounted in semi-permanent slides in phenol 50%. Specimens were studied on a light microscope Zeiss Axioscope 2 from the LHPP. 
Data analysis
The total length (Lt) and total weight (Wt) were obtained and data were used to estimate the relative condition factor (Kn) of the fish. The weight-length relation was calculated using the expression P = a Cb, where P = total weight, C = total length, a = intercept and b = angular coefficient (CREN, 1951) . The coefficients a and b were estimated after logarithmic transformation of the weight and length data and were later used in the calculation of the theoretically expected values of total weight (We), through the formula We = a.Lt b . To determine the value of We, the Kn of the animals were calculated, in which Kn=Wt/We.
The data on total length, weight and condition factor were subjected to the assumptions of normality of residues through the Shapiro & Wilk (1965) test. Variance homogeneity was assessed through the Bartlett (1937) test. Differences between seasons were evaluated through ANOVA. Possible differences in water quality parameters between the seasons were also analyzed through ANOVA. The statistical significance level was taken to be p ≤ 0.05.
Parasite prevalence, mean abundance and intensity of infection were calculated according to Bush et al. (1997) . Differences in parasite prevalences between the seasons were evaluated using the Chi-Square test (χ 2 ) with the Yates correction (RÓZSA et al., 2000) . For the species that occurred on both seasons and parasitizing more than one host specimen, the variation of mean abundance and mean intensity of infection were compared through the Mann-Whitney U-test (ZAR, 2010) . The Spearman´s correlation coefficient (rs) was used to determine possible correlations between mean abundance and total length according to seasonality and was considered significant when presented a p≤0.05. Table 2 presents the water quality parameters per season. At the semi-intensive fish farm, the water temperature was significantly different between the seasons, with a higher mean during the dry season (p = 0.01), while dissolved oxygen reached higher levels during the rainy season (p = 0.03). Hydrogen potential (pH) and electric conductivity did not vary seasonally. At the extensive fish farm, a significant difference was observed in relation to water temperature (p = 0.01), which was higher during the dry season, while for the other parameters there were no significant differences.
Results
Water quality
Fish biometry
The biometric characteristics of the fish presented seasonal differences between the two farms, except regarding the total length of fish from the extensive system (Table 3) . Fish from the semi-intensive fish farm were significantly larger (p = 0.04) and heavier (p = 0.03), and presented a higher condition factor (p = 0.03) during the rainy season. Similarly, in the extensive fish farm, the fish were also heavier (p = 0.03) and presented a higher condition factor (p = 0.05) during the rainy season, but with no significant difference regarding total length.
A positive and significant correlation was observed at the semi-intensive fish farm during the dry season between total length and mean abundance of parasites (rs = 0.36; p = 0.04). At the extensive fish farm, no such correlation was found (rs = 0.72; p = 0.06). 
Parasites
In this study, the following species were identified: Urocleidoides paradoxus Kritsky, Thatcher and Boeger, 1986 ; Urocleidoides eremitus Kritsky, Thatcher and Boeger, 1986 ; Jainus leporini Abdallah, Azevedo and Luque, 2012 
Parasite descriptors
At the semi-intensive fish farm, there was a significant difference in the general prevalence of infection between the seasons (χ 2 = 56.54; p < 0.001). The hosts presented higher levels of infection during the dry season (P = 96%) than during the rainy season (P = 32%). Considering the parasitism rates of the species that occurred during both seasons (Table 4) (Table 4) . Urocleidoides eremitus did not present significant differences between the seasons in relation to any of the indexes analyzed.
The general prevalence of infection in the extensive fish farm was 20% during the dry season and 19% during the rainy season, which did not represent a significant difference (χ 2 = 0.06; p = 0.09). For the species that occurred in both seasons, there was no significant seasonal variation in either prevalence or mean abundance (Table 5) . However, T. parvus (p = 0.04) and G. leporini (p = 0.04) were the only species that presented increased mean intensity of infection during the dry season (Table 5 ).
Discussion
The incidence of diseases in fish farms can be correlated with abiotic factors regarding to the environment and biotic factors related to the host, and it may be influenced by seasonality throughout the fish production cycle. According to , seasonal occurrences of parasites may signal periods of epizootic outbreaks, thus demonstrating the importance of understanding this variability, in order to prevent economic losses. Although some authors have previously evaluated seasonal effects on the parasite community of L. macrocephalus in the state of São Paulo (TAVARES-DIAS et al., 2001; SCHALCH & MORAES, 2005) , no studies of this nature have been conducted in the humid tropical climate of the Amazon, particularly in relation to this species, which was introduced to the region for farming systems.
Some species of helminths have been reported among other fish of the genus Leporinus in the reservoir behind the Nova Pontes dam in Minas Gerais and on the floodplain of the upper Paraná River (KRITSKY et al., 1980; FELTRAN et al., 2004; GUIDELLI et al., 2006; TAKEMOTO et al., 2009; AZEVEDO et al., 2010; GUIDELLI et al., 2011) . Two species of helminths Rhinoxenus sp. and G. leporini have been reported parasitizing L. macrocephalus in fish farms and in the natural environment (MARTINS & YOSHITOSHI, 2003; TAKEMOTO et al., 2009 ). In the present study, 15 species were identified and some of them showed seasonal variation of occurrence. T. paranaensis and K. eirasi occurred only in the semi-intensive fish farm during the dry season, while J. leporini, Dactylogyridae sp. 1 and Dactylogyridae sp. 2 only occurred during the rainy season. In the extensive fish farm, J. leporini, Dactylogyridae sp. 1, Dactylogyridae sp. 2, Dactylogyridae sp. 3, Microcotyle sp., P. obesa and Brevimulticaecum sp. (larva) were observed only during the rainy season.
The occurrence of six species in both fish farms and during both sampling periods indicated that these parasites can at least infect hosts regardless of seasonal variations and the environmental conditions of the farming systems. According to Schalch & Moraes (2005) , occurrences of these species may be associated with the life cycle characteristics of these parasites, such that recurring and continuous infections are enabled.
The high prevalence of infection in the semi-intensive fish farm during the dry season (96%) was higher than that reported by Schalch & Moraes (2005) (87.2%) for the same host (L. macrocephalus) in a fish-out pond establishment in the state of São Paulo. This pattern of infection, according to these authors, follows an increase in temperature, which combined with poor environmental quality, nutritional deficiency and inadequate management, favors occurrences of parasite diseases of greater severity. In the present study, these factors also explained the high prevalence during the dry season, since the temperature was higher and oxygen levels were lower. Moreover, the stocking density of the fish in the semi-intensive fish farm (1 fish.m 3 ) was greater than in the extensive farm (1 fish.5 m 3 ), which also influenced the greater prevalence of infection in this system. According to Sanches (2008) , high density promotes transmission of the infectious forms of parasites among hosts.
Several studies (TAVARES-DIAS et al., 2001; SCHALCH & MORAES, 2005; ZARGAR et al., 2012; JERÔNIMO et al., 2016; MARCHIORI et al., 2015) have suggested that natural abiotic factors such as temperature, oxygen, salinity and hydrogen ion concentration have a positive influence over parasite populations. In the Amazon region, some authors (ARAÚJO et al., 2009; MARINHO et al., 2013; DIAS et al., 2015; SILVA et al., 2016) have reported that high prevalence of parasites in fish farms was associated with low levels of dissolved oxygen in the water, high temperatures and inadequate sanitary conditions. These authors also reported that replenishing the breeding areas with water from natural environments also influenced occurrences and levels of infection.
In the semi-intensive fish farm this also contributed towards high prevalence of infection, because the water source was a local stream, with no treatment or filtration. This was especially observed during the dry season, when there was greater loss of water due to evaporation. Although the water temperature was higher during the dry season in the extensive fish farm, higher prevalence of infection was not observed during this period, which could be related to the lower stocking density of fish in this system. Moreover, the other water quality parameters presented similar values and did not undergo significant variation between the seasons, which may have led to lower stress for the fish and better conditions for their development.
Some species of Monogenoidea demonstrated seasonal variation, with higher parasite descriptors during the dry season. Similar results were observed by Schalch & Moraes (2005) in the municipality of Guariba, São Paulo, with seasonal variations of infestation rates and higher occurrence of Monogenoidea during the summer, when temperatures were higher. According to these authors, the reproduction of this group of parasites is favored by higher temperatures, greater fish population density and lower oxygen levels in the water.
In the semi-intensive fish farm, the prevalence of U. paradoxus in the dry season was similar to that observed by Guidelli et al. (2006) for L. lacustris and L. friderici, with prevalences of 32% and 46.1%, respectively, for specimens in the upper Paraná river floodplain. For T. parvus, these infection rates in both seasons (dry = 20%, rainy = 18%) were higher than what was observed by these authors (L. lacustris = 6.66%, L. friderici = 3.84%). However, the environmental conditions of the areas studied are different. Moreover, farming systems are known to potentially present higher prevalence of infection due to the greater concentration of fish.
Nematodes cause severe infections among farmed fish (MARTINS et al., 2004) . Although damage to the hosts was not observed in the present study, G. leporini was the parasite with greatest infection rates. Moreover, this species showed high prevalence (80%) at the semi-intensive fish farm during the dry season. This nematode is a highly pathogenic parasite in L. macrocephalus. It can negatively influence the health of this fish through reducing its growth, and in severe cases can cause death (MARTINS & YOSHITOSHI, 2003) .
Procamallanus (S.) inopinatus is a common and abundant species among Brazilian fish. The parasitism rates observed in the present study were higher than those reported for other fish of the Anostomidae family (MORAVEC, 1998; FELTRAN et al., 2004; GUIDELLI et al., 2006; TAKEMOTO et al., 2009; AZEVEDO et al., 2010; GUIDELLI et al., 2011) . However, farming and management conditions vary among these species, and this can influence the parasite population.
In this study, with the exception of Brevimulticaecum sp. (larva), the highest prevalence and mean abundance rates were observed for the endohelminths P. (S.) inopinatus and G. leporini. This may have been associated with the presence of small crustaceans that act as intermediate hosts for these parasites. During sampling, large quantities of copepods were observed in the stomach content of Seasonality of parasitic helminths of Leporinus macrocephalus the fish, especially during the dry season in the semi-intensive fish farm, where the rates were higher.
Concerning the biometric characteristics of the fish, in both systems the weight and condition factor were higher in the rainy season, coinciding with the period of greater availability of naturally produced foods in fish farms, which provided greater accumulation of fat in this season. In addition, the water temperature was lower in the rainy season, which may have provided better environmental conditions, influencing fish development.
Also in this study, the data obtained indicated that seasonality can influence the levels of parasitism. During the dry season, the fish presented higher rates of parasitism. Although no clinical signs of disease caused by parasites were observed, the data suggest that prophylactic measures should be applied in these farms, especially during the dry season.
The data presented here can aid fish farmers in understanding the parasite dynamics in farming systems during different seasons. Thus, these data assist towards improvement of conditions in the breeding areas with regard to fish population density. This study is the first report assessing parasite seasonality for a fish species that was introduced to the Amazon region for farming. Additional studies should be pursued with the intent of improving farming conditions for this promising species in the state of Acre.
